Knowledge of trophic interactions is of vital importance for understanding ecological community dynamics. While techniques such as direct observation of prey consumption and stomach content analysis are suitable for some species; for wide ranging carnivores, especially those of conservation concern, analysis of matter in faecal scats or regurgitated pellets is still common practice. This study investigates sample sizes needed to predict changes in the diversity of the diet of three carnivore species (grey seals, Mexican wolves and long horned owls). Using a bootstrapping process, estimations of precision of diet diversity (i.e. the number and evenness of prey species, as measured using Simpson's index) were made with increasing numbers of scats sampled. Precision of diversity of diet was much greater for grey seals than owls or wolves, largely because the number of prey items in a scat was much higher. The results show that changes in seal diet diversity between different areas of the North Sea could be elucidated with analysis of as few as three scats from each region. However, demonstrating differences in diet diversity between two closely related owl species would not be possible even if the contents of >> 500 pellets were analysed. The results provide guidelines for scat or pellet sample size for future studies, as well as indicating that in some cases -for example in grey seals -scat samples may be an efficient method of sampling for changes diet, and hence prey availability as caused by anthropogenic pressures such as climate change and fishing.
Introduction
Effective conservation or environmental management requires knowledge of ecosystem interactions, and these interactions are often elucidated by the study of the diet of a species (e.g. Stokes, 1992) . Such trophic interactions are especially important for many of the flagship conservation species, such as carnivorous mammals, predatory fish and birds of prey, which frequently occupy the upper trophic levels of food chains (Norrdahl and Korpimaki, 1995; Reid et al., 2005; Smith, 2005) .
While many methods to determine diet are possible, some, such as stable isotope analysis, are relatively costly and give only indicative results of trophic level interactions (e.g. Jennings et al., 2002) . For example, marine organisms have higher carbon and nitrogen isotopic signatures compared with terrestrial foods, so researchers were able to differentiate between salmon and deer consumption by wolves by analysing stable isotopes in their hair (Darimontet al., 2008) . Other methods, such as stomach contents analysis, are common for fish species (Hyslop, 2006) but are generally not used for most birds and mammals unless the individuals are found dead (e.g. Beatson, 2007) , while direct observation is usually prohibited by time or logistical constraints. Scat or pellet analysis is a particularly useful inexpensive and non-invasive method of studying the feeding ecology of elusive carnivores (Ciucciet al., 1996; Maruccoet al., 2008) . Hair, feathers, bones (or bone fragments) and other remains may pass through the digestive system relatively unaltered (Kelly and Garton, 1997) , or may be regurgitated by birds such as owls (Yom-Tov and Wool, 1997) and corvids (LaudetandSelva, 2005) .
While studies have examined the procedure for accurate collection of scats, for example, to determine how best to sample to avoid pseudo-replication caused by the collection of multiple scats from the same animal deposited consecutively (Maruccoet al., 4 2008) , no studies appear to have accurately examined the number of scats or pellets that need to be sampled to obtain an accurate estimation of diet, nor how many scats or pellets may need to be sampled to detect significant differences in diet between populations.
Given the time-consuming nature of scat analysis, limiting the number of samples required to test for changes in diet or accurately test hypotheses should be a key consideration of diet studies, essentially analogous to power analysis in most survey or experimental designs.
In this study, we investigate the accuracy of determining diet diversity from wolf scats, seal scats and owl pellets. Furthermore, we estimate how many scats would need to be collected to determine differences in diets between populations.
Methods
Data were collected from previous research on wolf scats, seal scats and owl pellets (Table 1) . From these data, the mean number of prey items per scat was calculated (Table 1) .
Using an R script (R Core Development Team, 2011), prey items were sampled at random (with replacement after sampling), with every prey item having a probability of being chosen equal to the proportional occurrence of that prey item in the diet. The number of items per scat/pellet was determined randomly, to the nearest whole positive number, from a normal distribution with the mean value equating to that calculated in Table 1 . Samples were taken to obtain data representative of analysing between 2 to 500 scats or pellets. The value of Simpson's Index of diversity (S.I.) was calculated for each number of scats using the equation given in Simpson (1949) :
where n is the number of a given prey species in a sample and N is the total number of all prey species consumed over all samples. S.I. was used since it is sample size independent, and will not increase with the number of scats sampled, as would most other diversity indices 5 (Rosenzweig,1995) . This means that only the precision of the diversity should alter, rather than there being any systematic sample-size bias (note that the value of S.I. decreases with increasing diversity, with 0 being the most diverse and 1 being the least). This process of sampling from 2 to 500 scats was bootstrapped 10,000 times and mean value of S.I. was calculated for each scat number. 95% confidence intervals were calculated using the simple process of removing the highest and lowest 2.5 % of values (Crawley, 2005) .
Results
For all of the test cases considered, the mean value of Simpson's Index (S.I.) was constant regardless of the number of scats sampled, indicating that it was truly sample size independent. However, there was considerable variability around the mean, as indicated by the 95% confidence limits ( Figure 1 ). The variability decreased for all of the cases considered as the number of scats increased, but decreased considerably faster for those animals that had more prey items per scat -for example, the confidence limits of seal diet diversity (with a mean of 36.2 prey items per scat) decreased much more rapidly than those of the wolf diet diversity (with a mean of 1.04 prey items per scat - Figure 1 a and b) .
Using a general indication of ecological statistical precision, that the standard error of the mean (S.E.) is < 5 % of the mean value (e.g. Southwood, 1978) , these results suggest that the number of seal scats required is 12 scats. For owl diet analysis, a total of 200 pellets need to be sampled; and for wolf diet, > 500 scat samples would be needed for the S.E. to be < 5% of the mean.
To detect differences in seal diets between different sites in the North Sea does not require excessive sampling of scats. To illustrate this, the diet of grey seals at different sites, as well as the calculation of S.I. for each site is given in Table 2 . Assuming the same confidence intervals will apply to different populations of seals (essentially an assumption of any parametric and most non-parametric statistical tests - Underwood, 1996) then it can be seen that differences between Donna Nook and Shetland can be obtained with just three representative scat samples (confidence limits do not overlap - Figure 2a) . However, eight scats would be required from each site to identify differences in diet diversity between Orkney and Shetland (Figure 2 b) . In reality, recommended sample sizes would need to be bigger than this to ensure random and representative sampling, but, once this was achieved, the analysis would be suitably powerful to detect meaningful differences.
Data from Reed (2004) on the temporal change in diet of Mexican Wolves (Table 3) shows that S. 
Discussion
This is seemingly the first study to provide empirical evidence on the number of scats or pellets that need to be sampled to provide meaningful ecological results. It is clear that the precision of the diet diversity estimate increases, as expected, with the number of scats sampled, but also crucially that it increases with the number of prey items contained in each scat.
Opportunistic predators that feed on other large animals (such as wolves in this study), therefore, require far more scat samples to accurately determine their diet. However, although many studies on wolf diet do not contain > 500 scat samples per 'treatment' group, as calculated here, the number of scats needed to determine large differences or changes in diet can be far lower. Equally, this study set to measure diet diversity, which should be a good measure of overall species consumed (i.e. identification of all prey species in scat or pellet samples once a suitable level of precision of diversity has been obtained should be representative of typical species consumed). However, by using a sample size independent index, such as Simpson's index, the rarest species may not be found, even if a precise and accurate estimate of S.I. is made (Rosenzweig, 1995; Attrill et al., 2001) , and more samples may be required to detect these in scats. Equally, to detect only the most common prey species fewer scats would need to be sampled, lowering the effort needed.
It is important to note that this study makes use of a major assumption of many parametric and non-parametric statistical tests -that variance between treatment groups is constant (reviewed by Underwood, 1996) . In reality, this may not be the case, and the confidence intervals (related to variance and number of scats sampled) may vary between different treatment groups (for example, the confidence intervals for diet of Donna Nook seals and Shetland seals may not be the same). However, given the nature of this assumption in many statistical tests, it is not unrealistic to apply it here. Indeed, most power calculations used to estimate sample size for surveys and experiments require a 'best guess' approach to variance across all treatments. Since (even small) differences in variance are likely to occur between groups, it is best to use any figures on minimum number of scats conservatively, and to take more than the recommended number if time, money and logistics allow further sampling.
Nevertheless, the current approach does give an indication of the number of scats/pellets required to accurately determine diet diversity. Furthermore, the relatively low number of seal scats needed to determine differences in diet diversity may allow this to be a monitoring tool to detect changes in diet, likely to represent differences in prey availability which could be used to track changes in fish populations caused by factors such as climate change or fishing. 
